Massive air embolism is a rare, sometimes lethal, complication of caesarean section. \-4 We describe a case of paradoxical cerebral arterial gas embolism treated with hyperbaric oxygen (HBO) with a subsequent good outcome.
CASE HISTORY
The patient, a 33-year-old woman, gravida 2, para 1, presented for elective lower segment caesarean section for grade 4 placenta praevia. There had been three slight episodes of bleeding in an otherwise normal pregnancy. Preoperatively, she gave a vague history of a childhood cardiac defect. Later information suggested this was rheumatic fever. She also complained of 'rheumatism' in her legs since childhood. No abnormality of the cardiovascular system was detected on examination. She was extremely anxious and refused epidural anaesthesia.
Premedication was with ranitidine 150 mg orally night and morning and sodium citrate 30 ml prior to induction. An intravenous line was established and she was placed in the left lateral tilt position. Following preoxygenation, a rapid sequence induction was performed with thiopentone 300 mg and suxamethonium 100 mg, and endotracheal intubation achieved without incident. The patient was mechanically ventilated with nitrous oxide:oxygen 1: 1 ratio with 0.5% halothane via a circle system. Following delivery of the baby, fentanyl 100 micrograms and pethidine 100 mg were given intravenously. Muscle paralysis was maintained with atracurium. The electrocardiogram, blood pressure, oxygen saturation, end-tidal C02 and inspired O 2 were monitored throughout anaesthesia and a ventilator disconnect alarm was in place.
At surgery, the uterine incision passed through the anteriorly situated placenta, necessitating its partial stripping from the uterine wall. A healthy baby girl was delivered six minutes after induction, with Apgar scores of six and nine at one and five minutes respectively.
The anaesthetic course was uneventful apart from modest hypotension (90 mmHg systolic) for ten minutes immediately after delivery. No significant changes in other parameters were noted at the time. Blood loss of approximately 1500 ml was replaced intravenously with four litres Hartmann's solution. When surgery was finished, muscle paralysis was reversed and the patient extubated head-down on her side once satisfactory breathing and airway control had been re-established, although she was still asleep.
Thirty minutes later, she remained unrousable. Blood pressure was 90 mmHg systolic and a wound haematoma and haematuria were noted. A coagulation screen was done and a two-unit blood transfusion commenced. Following naloxone 0.2 mg she appeared more awake but was restless and uttering incomprehensible sounds. A dense left hemiplegia was apparent.
She was transferred to the intensive care unit of another hospital, following a CT scan of the head, which was normal. After some delay, hyperbaric personnel became involved. At this time she was opening her eyes and responding to command, but was dysarthric and had a pronounced rightdeviating gaze with a left homonomous hemianopia. There was complete left facial and arm paralysis and only a flicker (grade 1) of movement of the left leg. Right-sided movements were normal. Reflexes were brisk bilaterally, with sustained left ankle clonus and an upgoing left plantar response. She was urgently transferred to a third hospital where hyperbaric oxygen was commenced eight hours postoperatively. The patient underwent a 4.75 h HBO therapy (V.S. Navy, Table 6 ). At the end of this she was more alert, talking coherently and intelligibly, left leg movements were grade 2-3, left elbow flexion and extension were grade 2 and the facial weakness had improved. Over the next seven days, hyperbaric oxygen was continued daily, a major neurological improvement being noted, in particular, during the third hyperbaric session.
Thirteen days postoperatively, she was discharged home. At that time she was independently mobile with a normal gait but tired easily and had some difficulty with fine manipulative tasks with the left hand. Visual fields were normal. Echocardiography with contrast was normal. She subsequently developed a post partum depression for which she is undergoing treatment.
DISCUSSION
The differential diagnosis of acute hemiplegia in this young woman includes cerebral arterial gas embolism, cerebral hypoxia secondary to anaesthesia mishap, clot embolism, cerebrovascular disease and amniotic fluid embolism. There was no evidence of anaesthetic misadventure, oxygen saturation having remained above 95% throughout. The surgical circumstances were such that amniotic fluid embolism was a possibility. However, only a mild intravascular coagulopathy occurred in the early postoperative period. These changes which could be attributed to intravascular air were short-lived and there were no respiratory, haemodynamic nor other clinical manifestations of amniotic fluid embolism. Clot embolism is highly unlikely in the face of a normal cardiac rhythm and normal left heart echocardiography. Intracerebral haemorrhage is excluded by the normal CT findings and a normal lumbar puncture, while thrombosis or an acute vasospastic event would be unlikely.
Venous gas embolism is a well-recognised complication of many surgical procedures when venous hydrostatic pressure becomes insufficient to prevent entrainment or injection of air into open veins or venous sinuses. At caesarean section, venous gas embolism into the uterine sinuses is thought to be more likely if the placenta separates before delivery as may occur with placenta praevia. 5 Precordial Doppler changes consistent with venous gas embolism have recently been demonstrated in 46 of 89 women studied during caesarean section under epidural. 6 . Of these, threequarters occurred at the time of hysterotomy. Chest pain and dyspnoea were reported by some patients coincident with the embolic Doppler changes. Thus, there is now evidence that venous gas embolism is much more common in this situation than previously believed.
From animal studies, the effects of venous gas embolism seem to depend on the rate of infusion and the volume of gas. 7, 8 However, the relationship between breakthrough of gas into the systemic circulation and pulmonary artery pressure appears to be variable. The haemodynamic response to venous gas embolism is an immediate dose-related increase in pulmonary vascular resistance with consequent rises in right heart pressures. Circulatory collapse may follow. Frequently, little change is seen in systemic arterial pressure in nonfatal venous gas embolism. In sheep, as little as 1.0 ml air per kg body weight given as a bolus injection into the pulmonary artery may prove fatal in the presence of70% nitrous oxide (V. Laurenson and F. M. Davis, unpublished observations).
In humans, paradoxial arterial gas embolism may also occur through a patent foramen ovale 9 or other septal defect when pressures in the right heart exceed those on the left. It was initially thought that our patient had an atrial septal defect, but subsequent contrast echocardiography failed to confirm this or the presence of a patent foramen.
Gas emboli that enter cerebral arterioles will mostly pass through the capillary bed, only becoming trapped when they are large enough to occupy several generations of branching arterioles. 1O This trapping is usually temporary, redistribution to the cerebral veins occurring during the period of hypertension that accompanies embolisation. 1o These effects may be caused by stripping surfactant from the endothelium, contributing to disruption of the blood-brain barrier." Further pathology may be created by redistribution of air from reservoirs in the heart and lungs as well as the recirculation of air bubbles into this now damaged cerebral circulation.
Hyperbaric oxygen is the treatment of choice in cerebral arterial gas embolism of whatever aetiology, but has not been reported in the obstetric setting. Dramatic responses to recompression may be seen if used within the first few hours of the accident when an unstable gas phase may still be present. Even after several days, significant neurological improvement may occur with hyperbaric oxygen. Anecdotally, in delayed cases, the most impressive response often occurs after several treatments, as in this patient (Gorman DF, personal communication) . The mechanisms for this are unclear but may include resolution of stabilised bubbles in the brain, pulmonary vessels, the left ventricle and aorta; the prevention of recirculation of gas bubbles, and stabilisation of the blood-brain barrier with decreased interstitial fluid pressure and oedema. Decreased platelet aggregation and increased red blood cell elasticity also occur with hyperbaric oxygen and will lead to decreased blood viscosity as well as there being an increase in the oxygen tension diffusion gradient into compromised hypoxic tissue. ll Other regimens of treatment associated with these theories of pathogenesis such as lignocaine, heparin, indomethacin, and prostaglandin-I 7 still require further investigation before finding clInical application.
The detection and treatment of air embolism during anaesthesia may be difficult. 12 ,13 In our experience, Doppler and/or end-tidal C02 monitoring are the most practical indicators. When venous gas embolism is suspected nitrous oxide must be turned off, and 100% oxygen administered. The patient should be turned immediately into the left lateral steep (20-30°) head-down position if possible, or the surgical field flooded with saline to prevent further gas entrainment. The right heart should be aspirated for air through central venous or pulmonary artery lines, if in place. If inotropic support is needed, adrenaline is, in our view, the agent of choice in massive air embolism.
In summary, the definitive management of cerebral arterial gas embolism, whatever its origin, is hyperbaric oxygen therapy as exemplified in this patient. Referral is urgent, as the prognosis is better the shorter the time delay to treatment. Nevertheless, even delayed referral may result in a successful outcome as in this case.
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